TC 6.3 RESEARCH STRATEGY

The main priority for TC 6.3 over the past decade has been to address the problem of inefficient residential duct systems.  Each year, the net thermal loss from these systems, via air leakage and conduction through duct walls, has been estimated to exceed the thermal output of more than 500 medium-size hydrogen bombs.
  The centerpiece of the program has been the development of; 1)  ASHRAE Standard 152, Method of Test for Determining the Design and Seasonal Efficiencies of Residential Thermal Distribution Systems and 2) ASHRAE Standard 193 Method of Test to Determine the Air-Tightness of HVAC Equipment .  With cofunding from the U.S. Department of Energy, ASHRAE has sponsored four research projects that have helped to define the standard.  TC 6.3 has been responsible for developing the work statements and performing the technical monitoring of this research.  The four projects are described in the document TC 6.3 Research History.    
TC 6.3 current research project is RP-1449 “Energy Efficiency and Cost Assessment options for humidity control options in residential buildings” . Task 1 of this research project detailed the current state of the art in dehumidification options used in the residential space conditioning industry through an extended literature search.  Gaps in equipment performance information were identified in some cases, but mostly regarding inverter-driven variable refrigerant flow systems (mini- and multi-split systems) that are becoming more common in recent years.  Efforts to obtain more detailed information to allow accurate modeling of those systems are ongoing.  Those systems typically have multiple control states and may operate at multiple state points in each control state.

Task 2 developed a list of the critical questions to be answered throughout the rest of this project.  These questions focused the scope of work needed to accomplish the stated objective of this research -- to evaluate, assess and rank the humidity control performance, energy efficiency, and cost of space conditioning systems for their capability to control indoor humidity throughout the year in humid climate residences, with a reference humidity control target level of less than 60% relative humidity.

Task 3 identified the model development needs that must be addressed in order to meet the objectives of this research effort.  The most important of those areas related to the ability to properly model: variable speed ductless air conditioning systems and ducted two-speed systems; cooling systems using full condensing reheat; moisture evaporation for dehumidifiers that integrate ventilation; and full accounting for the combined effects of unbalanced duct leakage, unbalanced ventilation, and infiltration. These model improvements will be implemented (during Task 5) to provide more accurate and meaningful simulation results.  These improvements are necessary to accurately represent integrated building/equipment performance so that the predicted performance of the different systems can be meaningfully compared.

This Task 4 report defines the detailed strategy to be used for completing the simulations in Task 5.  This modeling plan was developed to optimally reduce the uncertainty of answers to the crucial questions identified in Task 2.  The strategy includes using a range of comfort conditions and moisture loads to assess the reported success or failure of evaluated humidity control options.  Task 6 will include the production and presentation of the final report in a TC 6.3 sponsored session targeted for Dallas in 2013.

Planning Future ASHRAE Research

With Standard 152 now referenced in energy efficient building programs and energy codes, TC 6.3 is turning its attention to what needs to be done next.  Areas of opportunity have been identified:

· Extension of the standard to small commercial buildings.  Research in Florida and California has indicated that thermal losses in air distribution systems in small commercial buildings are likely to be at least as great as in houses.  With regard to air distribution, residential and small commercial buildings have some similarities – envelope-dominated as opposed to core-dominated heating and cooling loads, and a typically simple system layout consisting of a central heating/cooling plant linked to the conditioned spaces by a network of ducts – but there are important differences.  Small commercial buildings may have air and thermal barriers in different locations, particularly in the ceiling space.  They often have dedicated outdoor-air, makeup-air, and exhaust-air systems.  Variable-use patterns often impact the peak heating and cooling loads.  Effects of the air distribution system on the efficiency of the heating/cooling equipment may be more complex than in residences.   Finally, airflow rates in small commercial buildings are often significantly greater than the 1000 – 1500 cfm typical of residential systems.  These differences will require modifications to the standard to make it applicable to small commercial buildings.

· Refinement of the standard to account for thermal comfort impacts.  Early in the development of Standard 152, it was decided not to try to assess the degree to which the air distribution system provides uniform thermal comfort throughout the conditioned space.  Instead, it was assumed that the system would meet the load, the only question being the efficiency with which it did so.  It was recognized that this left the evaluation incomplete, and that some systems that did a poor job of heating and cooling the home might show up as being highly efficient.  Nevertheless, it was felt that trying to do everything would result in nothing being accomplished.  Now, however, the time may be ripe for revisiting this area.  The term “thermal distribution efficacy” has been coined to denote a figure of merit for how well the heat or cooling is distributed to the entire living space, to go with “thermal distribution efficiency,” which measures the loss of thermal energy on the way to achieving this goal.  Major concerns that would need to be addressed early on in such an effort would include:  1) How should thermal efficacy be defined?  2)  How does one account for excess use of energy in systems that over-condition part or all of the living space?  3)  How does one penalize a system for under-conditioning?  4)  How should a test method treat alternative systems, such as radiant heating and cooling, that may provide equivalent comfort at different temperatures and humidities?  5)  Can all of the above factors be considered without requiring an excessively time-consuming test protocol?  These are difficult issues without obvious answers.  

· Revisions to Protocols and Algorithms in the Current Standard.   The committee that developed the current version of Standard 152 has recognized that some of the test specifications and calculation procedures fall short of perfection.  Nevertheless, the committee decided to go forward into public review because they judged it more important to get approval for a standard it judged to be good than to wait an indeterminate number of years to get one that was closer to perfect.  Similar considerations have motivated committees charged with developing other ASHRAE standards.  Now, however, there is time for some of these issues to be revisited.  Examples of areas where refinement has been suggested by committee members and others are:  1) new duct leakage test methods, such as Delta Q and Nulling; 2) refinement of the algorithms for determining buffer-zone temperatures and thermal regain; 3) improved treatment of thermal conduction parameters, namely the default algorithm for duct surface area and more precise estimation of true duct insulation value; 4) upgraded treatment of duct-equipment efficiency interactions; 5) effects of subsystems to provide forced ventilation, including continuous fan operation;  6) refinement of infiltration impact estimation during the on-cycle and inclusion of one for off-cycle infiltration losses; 7) refined treatment of off-cycle losses due to duct thermal mass and thermo-siphoning; 8) effects of internal pressurization from isolation of zones, e.g., closed doors; 9) effects of zoning; and 10) additional system types, such as refrigerant distribution (mini-splits) and full treatment of hydronic cooling options.  

· New Variable Capacity Equipment.   TC 6.3 needs to consider new research relates to the performance of new types of heating and cooling equipment.   The needs here have not been delineated in as much detail as those relating to ASHRAE Standard 152.  One major concern is the accurate representation of the performance characteristics of new types of equipment, such as modulating furnaces.  Good information on the characterization of this equipment would assist in the updating of equipment efficiency test methods and also the discussion of these equipment types in the ASHRAE Handbooks. Concern has also been expressed that the placement of equipment (including the air handler) within a residence may significantly affect the overall efficiency of a system and its ability to provide thermal comfort during peak cooling loads.

· Research in support of Standard 193.    Standard 193 has now been referenced in residential energy codes and voluntary programs in setting “HVAC box tightness” limits for residential air handlers.   Discussion into the development of a round robin of lab testing using 193 to test residential air handlers and packaged rooftop units is currently underway.
The Research Subcommittee of TC 6.3 meets twice a year, at each ASHRAE meeting.   All registered meeting attendees are invited to participate in the discussions, and membership on the subcommittee is open.

Other areas of interest identified for potential research by TC6.3 include: 

1. New construction efficiency implications for HVAC – national survey

2. Comparing residential equipment sizing methods vs. real world

3. Air system design to facilitate use renewable energy

4. Design guidelines & energy performance of small combo systems 

5. Standardized diagnostics interfaces & controls for 2020 HVAC systems

6. Do HVAC efficiency increases result in bottom line energy savings?

7. LAME (lighting, appliance, misc. electric) loads implications for HVAC systems

8. Removing H20 from HVAC coils (effort underway with RP-1449)

9.  Optimal Air Distribution System Design; Duct/air handler location, Diffusers/Balancing, Multiple systems, Zoning with or w/o dampers
10. Balancing IAQ and energy/ventilation and HVAC most cost-effectively

� This is based on a 0.5 megaton (TNT-equivalent) bomb, the typical size in U.S. multi-warhead missiles, using a heat content for TNT of 2,000 Btu/lb.





